INTRODUCTION
The continuous search for pest control products with acceptable environmental profiles has renewed scientific interest in naturally occurring bioactive metabolites from microbial and higher plant sources [Pillmoor et al,. 1993 ]. Although such compounds tend to be water soluble, easily metabolized and non-bioaccumulatory, biogenic sourcing does not necessarily confer environmental acceptability [Thompson et al., 2000] . Therefore, assessment of environmental persistence, fate and toxicological properties, including stud-ies, is necessary for these compounds [Thompson et al., 2002] .
Spinosad is a biologically derived insecticide which consists of two compounds: spinosyn A and D. The compounds are macrolides and contain a unique tetracyclic ring system to which two different sugars are attached [Sharma et al., 2007] . These compounds were isolated from the soil actinomycetes Saccharopolyspora spinosa [Kowalska and Drozdzyński, 2009] . Spinosad possesses both contact and stomach poison activity against insects belonging to Coleoptera, Diptera, Hymenoptera, Isoptera, Lepidoptera, Siphonoptera and Thysanoptera but has little or no activity against sucking insects, predatory insects and mites [Elzen, 2001; Galvan et a1., 2006; Elliot et al., 2007] . It is a neurotoxin with a novel mode of action involving the nicotinic acetylcholine receptor and apparently the GABA receptors as well [Cisneros et al., 2002] .
Spinosad is registered in many countries for use on a variety of crops, including cotton, corn, soybean, fruits and vegetables [West et al., 2000] . It shows minimal acute toxicity (LD 50 (rats)>5000 mg·kg -1 ), is non-carcinogenic, non-mutagenic and non-neurotoxic in mammalian test animals [Thompson et al., 2002] and also has a favourable environmental profile as it does not leach, bioaccumulate, volatilize or persist in the environment [Sharma et al., 2007] . Laboratory and field studies demonstrate that spinosad may undergo different abiotic and biotic degradation in soils [Thompson et al., 2002] .
The occurrence of spinosad and other pesticides can interference on soil biological properties affecting the soil fertility. Since the soil enzymes involved in nutrient mineralization and organic matter degradation are mostly of microbial origin. The response of soil microorganisms to the presence of pesticides is of particular interest [Perucci et al., 1999] .
The study aims at determining the effect of spinosad on biochemical and microbiological properties of soil.
MATERIAL AND METHODS
Top soil (up to 10 cm depth) samples were collected from Gumięniecka Plain (53°24' N and 14°28' E), with no prior pesticide treatment. The soil samples were sieved through a 2.0 mm mesh size to remove stones and plant debris. The soil was classified as sandy loam (43% fraction 1.0-0.1 mm, 30% fraction 0.1-0.02 mm, 20% fraction < 0.02 mm). Some of its physical and chemical characteristics as follows: pH 6.8, organic C 10.91 g.kg -1 , total N 1.39 g.kg -1 , TEB 13.4 crnol(+)·kg -1 , CEC 11.8 crnol(+)·kg
The soil was divided into 1 kg weighed samples, thereafter introducing into it water emulsions of insecticide Spintor 240 SC (240 g of spinosad in 1 dm 3 preparation) in the following doses: a recommended field dose (FD), a fivefold higher dose (5FD), tenfold higher dose (10FD) and one twenty-fivefold higher dose (25FD). Moreover, soil samples without spinosad supplement were prepared as a reference.
Respective doses of Spintor 240 SC were converted into 1 kg soil, taking into account 10 cm depth, and are presented in Table 1 . After application of insecticide to water emulsions, soil moisture was brought to 60% maximum soil water capacity. The soil was thoroughly mixed and stored in tightly-closed polyethylene bags at 20°C for a period of 4 weeks. . A 5 mm 3 aliquot of each sample was injected each time for residue analysis. The representative retention times of spinosyn A and D were 9.3 min and 10.6 min, respectively. Soil enzyme activity: dehydrogenase, urease, and acid and alkaline phosphatase, were determined by spectrophotometric methods (Shimadzu, model UV-1800), on the same days, as spinosad residues.
Soil alkaline and acid phosphatase activity was determined by measuring the p-nitrophenol released after incubation of the properly buffered soil with p-nitrophenyl phosphate as substrate [Tabatabai and Bremner, 1969] . Soil dehydrogenase activity (DHA) was determined according to Thalmann [1968] by using 2,3,5-triphenyltetrazolium chloride as an electron acceptor and TrisHCl buffer at pH 7.4. Soil urease activity was determined according to Kandeler and Gerber [1988] by monitoring the release of ammonium from soil treated with urea as substrate and incubated with borate buffer at pH 10.0.
On day 0 (1 hr), 7 and 28, the main groups of soil microorganisms were determined. The number of microorganisms was determined by a technique of soil serial dilution plate culture. The total number of bacteria was determined on Bunt and Rovira culture medium [Bunt and Rovira, 1955] , total number of fungi was determined on the Martin rose bengal culture medium [Martin 1950 ], and total number of actinomycetes was determined on Gypsies starch-ammonia culture medium [Cyganov et al., 1964] .
RESULTS AND DISCUSSION
The percent recovery values of spinosad form soil samples were found to be about 97% and its residues declined consistently with time (Figure 1) . Calculated DT50 estimates for spinosad ranged from 1.11 to 2.21 days, and depends on insecticide dosage (Table 2 ). Sharma et al. [2007] reported that the DT50 values of spinosad in soil were 1.45-2.63 days. Under field conditions spinosad dissipates rapidly from soil surfaces with observed DT50 of less than 1 day. However, spinosad present in deeper soils or shaded soils has been reported to degrade slowly with a DT50 of 9-17 days. Very short half-lives values (<1 day) for spinosad was observed in agricultural soils of the southern USA [Hale and Portwood, 1996] . Thompson et al. [2002] , found that spinosad is quickly metabolized by soil microorganisms under aerobic condition, however, under anaerobic conditions, the degradation is slower. The results obtained by Gębala and Mickiewicz [2012] shown that spinosad is not ready biodegradable in water and not toxic to microbial inoculum.
The effects of spinosad on the activities of dehydrogenase, acid phosphatase, alkaline phosphatase, and urease are depicted in Figure  2 . Compared with control, dehydrogenase activity decreased significantly, from day 1 to day 28, after treatment of spinosad in dosages 10FD and 25FD (Figure 2A ). The activity of alkaline phosphatase did not significantly change during the time of experiment ( Figure 2B ). Significant decrease of acid phosphatase was observed in soil treated with spinosad in dosage 10FD on days 1 and 3, and in soil treated with insecticide in dosage 25FD on days 1, 3, 7 and 14 ( Figure 2C ). Urease activity in soil was significantly inhibited after the application of all spinosad dosages on day 1, and this insecticide in dosages FD, 5FD and 10FD on day 3 ( Figure 2D The results of quantitative analyses of the population of soil microbial community are shown in Figure 3 . The number of bacteria in soil spiked with all dosages of spinosad increased significantly compared with control on day 1. On day 7 the number of bacteria gradually recovered to the control. Although, on day 28 in soil treated with spinosad on dosage l0FD, and 25FD the number of bacteria increased and decreased, respectively ( Figure 3A) . The cultivable number of fungi on day l, significantly decreased only after treatments of spinosad on dosage IOFD. on day 7, the significant inhibition of fungi number was observed in soil with spinosad in dosages FD, 5FD and 25FD, while on day 28 the application of spinosad in dosage FD significantly increased, and in dosage 10FD and 25FD decreased ( Figure 3B ).
The number of actinomycetes was significantly decreased on day I in soil treated with spinosad in all dosages, and on day 7 in soil with insecticide in dosages FD, 10FD and 25FD. However, on day 28 the number of actinomycetes was the highest, and spinosad in dosages FD and 10 FD caused increase of actinomycestes number ( Figure 3C ).
Some insecticides stimulated the growth of microorganism population, but other insecticides have depressive effects or no effects on microorganisms. An increase of the number of bacterial population was observed in soil treated with bifenthrin [Ahmed and Ahmad, 2006] , isofenphos [Digrak and Kazanici, 2001 ] and carbofuran [Lo, 2010] . Digrak and Kazanici [2001] observed that the treatments of organophosphorus insecticides: isofenphos, phorate and fonofos had no side-effect on the development of the number of actinomycetes and fungi. Chen et al. [2014) ] reported the inhibitory effect of chlorpyrifos on the population of soil microorganism. Similar impact was observed for cypermthrin [Ahmed and Ahmad, 2006] and endosulfan [Nasim et al. 2005] . Moreover, the biodegradation of some insecticides (phorate, carbofuran and fęnvalerate) stimulated the growth and activity of heterohophic microorganisms which favour the mineralization of organic matter and biological transformation of other plant nutrients in soil to derive energy, carbon and other elements for microbial metabolism for their cellular constituents, resulting in lower retention of organic C in soil [ 
CONCLUSIONS
1. Dissipation of spinosad in soil was relatively fast -the half-life of this insecticide was ranged between 1.11 and 2.21 days. 2. Spinosad residues had different effects on soil microbiological and biochemical properties. However, over time the impact of this insecticide definitely decreased. 3. The obtained results showed that the use of spinosad in organic farming, particularly in the field dosage does not pose a long-term threat to the soil environment.
